The unquestionable advantages provided by modern neuroimaging techniques have recently led some to question the duty of the neurologist, traditionally struggling first and foremost to establish the semeiotic localization of brain lesions and only then to interpret them. The present brief report of six clinical patients who came recently to our attention aims to emphasize that the interpretation of neuroimaging results always requires integration with anamnestic, clinical and laboratory data, together with knowledge of nosography and the literature. The solutions of the reported cases always originated from close interaction between the neurologist and the neuroradiologist, based on the initial diagnostic uncertainty linked to the finding of isolated or multiple brain target or ring lesions, too often considered paradigmatic examples of the pathognomonic role of neuroimaging.
A 48-year-old woman of Peruvian origin presented for subacute onset of weakness in her left limbs. Neurologic examination showed moderate left hemiparesis with ipsilateral Babinski sign and deep tendon hyperreflexia. Head non-contrast enhanced CT scan demonstrated a hypodense lesion in the right diencephalic region. Brain MR scan with gadolinium ( Figure 1A) confirmed the presence of a cystic cavity with mild surrounding oedema and no contrast enhancement. The patient's conditions rapidly worsened; left hemiplegia developed and mental status progressively deteriorated. A second brain MR scan showed a further growth of the lesion. A contrast-enhanced chest and abdomen CT demonstrated multiple cavitary nodular lesions in the right lung with ipsilateral hilar and mediastinal lymphadenopathy. Bronchoscopy was performed; cytological and histological material was retrieved through bronchoalveolar lavage (BAL) and CT-guided lymph node biopsy. Histological examination showed granulomatous inflammation with multinucleated cells and areas of caseous necrosis. Cultural examination on BAL resulted positive for Mycobacterium tuberculosis.
Diagnosis: Cerebral tuberculoma.
Case B
A 32-year-old man of Albanian origin presented with a four-month history of subcontinuous occipital headache, unresponsive to analgesics. Medical history, general and neurologic examinations were unremarkable. Head contrast-enhanced CT scan revealed a hyperdense right parafalcial posterior lesion, with peripheral ring contrast enhancement. Brain MR scan with gadolinium ( Figure 1B ) showed two additional small lesions within the right hemisphere, both with ring gadolinium enhancement. Blood tests for HIV, Toxoplasma, Entamoeba and Echinococcus were negative, whereas ELISA assay on plasma resulted positive for anti-Tenia solium antibodies. Extracerebral localizations of cysticercosis were excluded and treatment with albendazole was started. A second brain MRI demonstrated regression and calcification of the lesions 1 .
Diagnosis: Neurocysticercosis.
Case C An 82-year-old man presented for subacute onset of postural instability. Medical history was significant for prostate cancer treated with radiotherapy three years before, with negative follow-up for metastasis. Neurologic examination showed retropulsion and marked gait instability. Brain MR scan with gadolinium ( Figure 1C ) demonstrated bilateral hemispheric lesions and further lesions in the right superior cerebral peduncle, pons and medulla. On T2W images they appeared as target lesions with hyperintensity of the central core and peripheral ring, separated by a hypointense layer; the lesions enhanced pe-ripherally after administration of gadolinium. A chest CT scan showed multiple nodules in the right lung. A whole-body PET with 18 FDG was negative for hypermetabolic foci. Blood neoplastic markers were within normal range.
The patient's conditions rapidly worsened leading to his decease. Cultures on autoptic samples demonstrated lung and brain abscesses by Aspergillus fumigatus.
Diagnosis: Brain Aspergillosis.

Case D
A 71-year-old woman came to our attention for progressive impairment of gait, vomiting and weight loss. Neurologic examination showed mild right hemiparesis. Brain contrast-enhanced CT scan ( Figure 1D ) showed multiple supratentorial ring-shaped lesions, with hypodense centre and hyperdense contrast-enhancing periphery; another ring lesion was found in the cerebellar vermis, causing an initial obstructive hydrocephalus. Blood tests demonstrated increased levels of carcinoembryonic antigen. A chest and abdomen CT showed a mass lesion in the right lung. Biopsy of the lesion was diagnostic for small cell lung carcinoma (SCLC). The patient's condition rapidly deteriorated and she died within a few days. Autopsy confirmed the diagnosis of brain metastasis from lung small cell carcinoma.
Diagnosis: Brain metastasis (from SCLC).
Case E
A 68-year-old man presented with a twomonth history of agitation and confusion. Neurologic examination was negative for focal deficits or meningitic signs. Brain MRI with gadolinium ( Figure 1E ) showed multiple ring lesions with T2W-hyperintense and T1W gadolinium-enhancing periphery. Blood analyses were not suggestive of infective aetiology. A contrast-enhanced chest and abdomen CT scan demonstrated a mass lesion in the right kidney. Renal carcinoma was diagnosed through biopsy.
Diagnosis: Probable brain metastasis (from renal carcinoma).
Case F
A 28-year-old woman came to our attention for simple partial motor seizures involving her left limbs, with a secondary generalization. Brain MR scan ( Figure 1F ) showed a large lesion in the right frontal lobe, with peripheral gadolinium enhancement and an initial mass effect determining left shift of the median structures and compression of the right lateral ventricle.
This finding was considered suggestive of a primary brain tumour and surgical exeresis was performed.
However, histological examination demonstrated an inflammatory demyelinating lesion. During the following months the patient underwent control MR scans which showed the appearance of other inflammatory lesions in the cerebral white matter.
Diagnosis: Demyelinating plaque (multiple sclerosis).
Discussion
These six clinical cases are clinically very heterogeneous but they have in common the radiologic finding of single or multiple brain lesions with target or ring-shaped morphology; thus they highlight the difficulties related to the diagnostic interpretation of such a finding.
The classic "target sign" consists of a focal brain lesion with a central calcified or contrastenhancing nucleus and a peripheral contrastenhancing ring. In the literature several uncertainties surround this apparently simple definition. In particular, some authors do not consider the presence of a central calcification an essential feature to define a lesion as a target lesion. Such discrepancy, which represents a major interpretation problem 2,3 , depends on the description of target lesions through different neuroimaging techniques (CT versus MR) and in different diseases. Therefore, the expressions "target-like" or "ring-shaped" lesion have been proposed to describe lesions with peripheral enhancement but lacking the central calcification, whereas the term "target" should be reserved for cases where the central calcification is present.
Some authors consider target and target-like lesions pathognomonic of cerebral tuberculosis 4 , although a number of clinical cases in the literature are described where these lesions are linked to other infective, neoplastic or dysimmune diseases [5] [6] [7] . Based on these premises, a neurologist detecting a target or a ring-shaped lesion needs to build up a diagnostic flowchart ( Figure 2 ) aiming at the identification of its specific aetiology. The neuroradiologic description of a target or ring-shaped lesion should be considered a useful too to drive the diagnostic process rather than a pathognomonic finding on which to base therapeutic choices or prognostic statements. Clinical history, general and neurologic examination, together with laboratory tests, represent unavoidable steps for the interpretation of target lesions.
A useful clinical classification for narrowing down the diagnostic hypotheses might be the initial distinction of immunosuppressed from immunocompetent patients (see Figure 2 ). Three main aetiologies should be considered in immunocompetent patients: neoplastic, infective and inflammatory/dysimmune. Age and risk factors for cancer and infections represent the most useful cues to set up the diagnostic algorithm, according to the incidence rates of the possible aetiologies. General examination can highlight other localizations of disease. The two most common causes of cerebral targetlike lesions in immunocompetent patients are brain metastasis from lung carcinoma 6, 8, 9 and cerebral tuberculosis. Therefore, a chest radiogram should be always performed, eventually followed by a chest CT. Other important diagnostic tools are laboratory tests on blood and cerebrospinal fluid (CSF) to search for CNS infections by mycobacteria, mycetes or parasites 1, 5 . Assessment of oligoclonal bands in the CSF should be performed as a screening for dysimmune diseases of the CNS, such as multiple sclerosis 7 . In the immunosuppressed patient, the diagnostic workup should first consider cerebral toxoplasmosis through serologic tests; ex juvantibus antiparasitic treatment with trimetoprim-sulfametoxazol should be started even in patients with negative serology 2 ; after two weeks of treatment, a clinical improvement and a decrease in the size and number of lesions should be detected. In case of inefficacy of this therapy, the physician should go through the diagnostic flowchart proposed for the immunocompetent patient, paying particular attention to atypical infective aetiologies, given their increased incidence in immunosuppressed patients.
In conclusion, the neuroimaging finding of target lesions still represents a major diagnostic problem, especially considering the combination of heterogeneous nosography and the availability of specific effective treatments for many of the possible aetiologies. By contrast, therapies wrongly started upon a diagnostic hypothesis unconfirmed by specific investigations may dramatically worsen the patient's conditions (i.e. immunosuppression from antineoplastic chemotherapy in cases of infective brain diseases). These implications provide absolute clinical relevance to the careful diagnostic interpretation of target lesions.
